The present study was aimed at the comparison of floor-based growth (FBG) and caged-based growth (CBG) systems in broiler production for growth performance and parameters related to slaughter, carcass and meat quality. Ninety one-day-old male Ross-308 chicks constituted the material of the study. It was determined that, in Groups FBG and CBG, the differences between body weight and cumulative body weight values were statistically very significant (P<0.01). The final body weights measured at the end of the trial and the mean body weight gain values in Groups FBG and CBG were determined as 2530 g -2046 g and 2389.16 g -1904.77 g, respectively. The end-trial final feed conversion rates of Groups FBG and CBG were determined as 1.82 and 1.88, respectively, and it was ascertained that the difference between the values of the two groups was statistically insignificant (P>0.05). While the hot and cold dressing percentages and the neck, wing, drumstick and tail percentages did not statistically differ between Groups FBG and CBG (P>0.05), values pertaining to breast meat displayed significant differences (P<0.05). It was determined that the L*, b* and C* values pertaining to breast meat and the L*, a*, b* and C* values pertaining to chicken drumsticks displayed statistically significant differences (P<0.05, P<0.01) between the trial groups.
INTRODUCTION
 İletişim (Correspondence)  +90 442 2315535  ekremlacin@hotmail.com for broiler farms compared to other types of agricultural holdings and the nutritional value of chicken meat as a good protein source. When applying conventional broiler production methods, generally floor-based growth systems are preferred. In view of emerging demands related to the new animal welfare rules implemented in European Union Member States, some modifications have been made in floor-based growth systems (i.e. free range systems). Cagebased systems are aimed at increasing broiler production quantitatively and are of economic interest.
Numerous studies have been conducted to demonstrate the advantages and disadvantages of floor-based and cagebased growth systems in broiler production. The assessment of the results of these studies has revealed significant contradictions between the findings obtained in different trials. Abrahamsson and Tauson 1 reported the main advantages of the use of cage-based growth systems in broiler production as high productivity, no contact with manure, and less aggressiveness and cannibalism among animals. On the other hand, Rodriguez et al. 2 and Santoso 3 indicated that the body weight gain and feed conversion rates (FCR) of broiler chickens raised in cages were poorer compared to broilers raised on floor. Furthermore, Swain et al. 4 suggested that neither cage-based nor floor-based growth systems had any effect on body weight gain, feed consumption or carcass traits in broiler production. While some researchers have claimed that cage-based growth systems enable better growth performance and a higher survival rate, and thus, provide economic advantage when compared to floor-based growth systems 5, 6 , some other researchers have reported that floor-based growth systems are more economical 7 . Duncan 8 has highlighted the inadequacy of physical space and behavioral restrictions as the major disadvantages of cage-based growth systems.
When evaluating the effects of cage-based and floorbased growth systems on broiler chickens, generally growth performance parameters are taken into consideration. The present study, in addition to growth performance parameters, also makes a comparison of slaughter and carcass traits, some stress and carcass quality parameters for the evaluation of floor-based and cage-based growth systems in broiler production.
MATERIALS and METHODS

Animals, Diets, and Experimental Design
The trial was conducted at the poultry unit of the Research Farm of Atatürk University, Faculty of Veterinary Medicine. Ninety one-day-old Ross-308 male broiler chicks constituted the material of the study. All chicks were raised in brooders (cages) between days 1-7 of the trial. After day 7, the animals were allocated to two trial groups, one which was subjected to a floor-based growth (FBG) system and the other to a cage-based growth (CBG) system. In Group CBG, the broiler chickens were maintained in cages until the end of the trial, whilst in Group FBG, as from day 7, the animals were raised on floor covered with wood chips of a depth of 10 cm. In both Group CBG and Group FBG, the stocking density was 0.083 m 2 /broilers. Accordingly, Group FBG was divided into 5 subgroups, each of which was comprised of 12 broilers, whilst Group CBG was divided into 6 subgroups, each of which was comprised of 5 broilers. The animals included in the present study were fed on broiler chick feed between days 1-21 and were fed on broiler chicken feed between days 22-42. The laboratory analysis results and nutrient compositions of the starter and finisher feed rations are presented in Table 1 . The chemical composition of the feeds used in this study was determined using the official method of the Association of Official Analytical Chemists 9 . The groups were subjected to 24 h of light, in other words, to a continuous lighting programme, until the end of the trial.
Determination of Body Weight, Feed Consumption, Uniformity and Survival Rate
Parameters related to body weight and feed consumption were determined by weekly weight measurements. Mortalities were recorded on a daily basis. In order to preserve the stocking density, in case of any mortality, a broiler chicken of the same age, selected from the stock, was introduced into the group. With an aim to determine uniformity, on day 42, each chicken was weighed individually and the measurements were recorded. The mean weights of the trial groups and variation coefficients were also calculated.
Determination of Tibial Dyschondroplasia
At the end of the trial, two chickens from each trial group were slaughtered and the left tibial bone was .
Sample Collection and Measurements
At the end of the trial, the birds were held for 10-12 h without food and water prior to determining their final body weights. Two birds from each subgroup were randomly chosen as having body weights nearest to the average body weight of their own groups, slaughtered via a neck cut, bled for 120s, and semi-scalded 54°C for 30s before mechanical plucking. The birds were eviscerated manually, washed, and allowed to drain for 10 min 11 . After eviscerating, carcasses were stored at 3°C for 24 h, and then the carcasses were dissected [12] [13] [14] .
Analysis for pH and Thiobarbituric Acid Reactive Substances (TBARS)
The pH values of the samples were determined using a pH meter (SCHOTT L 6880, Lab StarpH). The pH value was measured using a direct probe by thrusting the probe into the breast fillets. To determine TBARS values, 1 g of ground breast meat sample was taken from each breast fillet of each treatment, and 6 mL TCA solution was added (7.5% TCA, 0.1% EDTA, 0.1% 1-propyl gallate). The mixture was homogenised for 20-30s by Ultra-Turrax and was then filtered over Whatman one. Next, 1 mL 0.02 M ThioBarbituric acid solution was added to the 1mL filtrate. This mixture was kept in a boiling water bath for 40 min. It was then cooled and centrifuged at 2.000 rpm for 5 min. Finally, absorbance was measured at 532 nm (Shimadzu, UV 160), and TBARS values were determined using the standard coefficient as µmol malonaldehyde/kg. ].
Determination of Colour Values
Statistical Analysis
The data obtained in the present study was analysed using the SPSS 15 software, such that a comparison of the use of the two different growth systems in broiler production was made for growth performance and parameters related to slaughter, carcass and meat quality. Differences between the trial groups were determined using the t test. For the assessment of the differences observed in survival rate and tibial dyschondroplasia, the Kruskal-Wallis test, which is a nonparametric statistical method, was employed.
RESULTS
The body weight and cumulative body weight values of Groups FBG and CBG are shown in Table 2 . The evaluation of the values presented in Table 2 demonstrate that, the body weight and cumulative body weight values of the trial groups, which were determined by weekly measurements, significantly differ from each other (P<0.01).
The feed consumption, feed conversion, cumulative feed consumption and cumulative feed conversion values of Groups FBG and CBG are shown in Table 3 . The final cumulative feed consumption values of Groups FBG and CBG were determined as 4339.56 g and 3585.61 g, respectively. The investigation of weekly feed consumption and cumulative feed consumption values revealed that, excluding the first week of the trial, throughout the remaining time period, the broilers included in Group FBG consumed a greater amount of feed than those included in Group CBG, and it was ascertained that this difference was statistically very significant (P<0.01).
In Groups FBG and CBG, the maximum and minimum body weights and variation coefficients were determined as 2960.00 -2790.00 g, 2000.00 -1250.00 g and 7.68% -16.55%, respectively.
Parameters pertaining to the carcass traits of Groups FBG and CBG are presented in Table 4 . With an aim to determine slaughter and carcass traits, broiler chickens with Parameters pertaining to slaughter traits of Groups FBG and CBG are shown in Table 5 . It was ascertained that, the differences between the two trial groups for feather, inedible organ weights, and gizzard, liver and feet percentages were statistically insignificant (P>0.05).
The tibial dyschondroplasia scores (Table 6 ) of Groups FBG and CBG were 0.44 and 0.33, respectively, and the groups did not statistically differ from each other for this parameter (P>0.05). In terms of survival rate (Table 6) , it was observed that no mortality occurred in Group FBG until the end of the trial, whilst the survival rate of Group CBG was determined as 94.4%.
The L*, a*, b*, C* and H* values of the skinless leg and breast meat of Groups FBG and CBG are shown in Table 7 . The differences observed between the trial groups for the a* and H* values of breast meat were statistically insignificant (P>0.05), whilst the differences observed for the L*, b* and C values were statistically very significant (P<0.01).
The pH values of breast meat in Groups FBG and CBG (Table 8 ) were determined as 6.14 and 5.95, respectively.
The TBARS values determined in Groups FBG and CBG are presented in Table 8 . Accordingly, the TBARS values of Groups FBG and CBG were determined as 13.79 and 13.77 mmol malondialdehyde kg -1 , respectively, and the two groups did not differ from each other statistically.
DISCUSSION
The final body weights and mean body weight gains of Groups FBG and CBG were determined as 2530 g -2046 g and 2389.16 g -1904.77 g, respectively. It was ascertained that, the body weight and mean body weight values of Group FBG were significantly higher than those of Group CBG. The review of previous literature reports has revealed that a consensus has not been reached on this issue, and that to date; very different results have been obtained. In agreement with the findings of the present study, Hypes et al. 16 (CBG 1.832 -FBG 1.911 g), Türkyılmaz et al. 17 (CBG 2168.4 -FBG 2261.1 g) and Fouad et al. 7 (CBG 1616.27 -FBG 1862.52 g) reported that the final body weight of broiler chickens was higher in Group FBG compared to Group CBG and that this difference was statistically significant. On the other hand, Elibol 18 (CBG 1792 -FBG 1745 g), Reece et al. 19 and Andrews et al. 20 indicated that the final body weights of Group CBG were higher than those of Group FBG and that the two groups differed from each other significantly. Furthermore, Andrews 21 (CBG 1572 -FBG 1573 g), Andrews et al. 22 (CBG 1513 -FBG 1485 g), and Athar et al. 23 (CBG 2000 -FBG 1910 g) indicated that Groups FBG and CBG did not display any statistically significant difference from each other in terms of final body weights.
Contradictory to the findings of the present study, Fouad et al. 7 reported the total feed consumption values of broiler chickens included in Groups FBG and CBG as 3096.48 g and 3139.46 g, respectively, and indicated the absence of any statistical difference between the trial groups. In parallel with the findings of Fouad et al. 7 , Athar et al. 23 reported the feed consumption values of Groups CBG and FBG as 4.46 kg and 4.43 kg, respectively, and noted that the difference between the two groups was statistically insignificant. In a study conducted by Zahoa et al. 24 , in which the effect of three different types of cage floor (wire, plastic and bamboo) on the growth performance of broiler chickens was investigated, the differences between the feed consumption values of the trial groups was found to be statistically insignificant, and these values were reported as 3.41 kg, 3.28 kg and 3.21 kg for the groups raised in cages with wire, plastic and bamboo floors, respectively.
In the present study, the feed conversion rates in Groups FBG and CBG during the time intervals between days 7-14, 14-21 and 28-35 were determined as 1.16-1.57, 1.69-1.26 and 1.87-2.20, respectively, and it was ascertained that the difference between the groups was statistically significant. Furthermore, the cumulative feed conversion rates of Groups FBG and CBG were determined as 1.82 and 1.88, respectively, and the difference between the groups was statistically insignificant (P>0.05). In agreement with the findings of the present study, the final mean feed conversion rates of broiler chickens included in Groups CBG and FBG were reported as 2.18 and 2.14, respectively, by Welch et al. 23 . These researchers indicated that no statistical difference was observed between the groups for this parameter. Reece et al. 19 reported that the feed conversion rates of broiler chickens raised on floor were better than those of broilers raised in cages. Akpobome and Fanguy 26 , on the other hand, reported that the feed conversion rates of broiler chickens raised in cages were better than those of broilers raised on floor. Furthermore, Hypes et al. 16 determined that, until day 42, the feed conversion rates of male broilers raised in cages and on floor were 2.047 and 2.115, respectively, and that the difference between the two groups was statistically significant. Zahoa et al. 24 indicated that the effect of three different types of cage floors (wire, plastic and bamboo) on the feed conversion rates of broiler chickens was statistically insignificant.
Group FBG showed a higher uniformity level in terms of final body weights, in comparison to Group CBG.
Hot and cold dressing percentages and neck, wing, drumstick and tail percentages did not differ statistically between Groups FBG and CBG (P>0.05). The breast meat percentages of Groups FBG and CBG were determined as 44.06% and 42.68%, respectively, and the difference between the two groups was found to be statistically significant. Türkyılmaz et al. 17 reported the hot dressing percentages of broiler chickens raised on floor and in cages as 69.6% and 71.4%, respectively, while Athar et al. 23 reported the same values as 68.9% and 67.60%, respectively. In both studies, the values of the different groups did not differ from each other statistically.
Blood, head and heart percentages of Groups FBG and CBG were 4.34% -3.74%, 2.52% -3.15% and 0.56% -0.69%, respectively, and the differences between the trial groups were statistically very significant (P<0.01). The rate values belonging heart and liver were found to be similar as the results reported by Yildiz et al. 27 In terms of survival rate (Table 6) , it was observed that no mortality occurred in Group FBG until the end of the trial, whilst the survival rate of Group CBG was determined as 94.4%. The difference observed between the trial groups for survival rate was statistically significant. Moreover, Andrews and Goodwin 28 , Elibol 18 , Türkyılmaz et al. 17 and Fouad et al. 7 reported that the difference between the mortality rates of broiler chickens raised in cages and on floor was statistically insignificant.
The assessment of the values obtained for chicken drumsticks revealed that, excluding the H* value, the two groups differed from each other significantly for the L*, a*, b* and C* values. The pH values of breast meat in Groups FBG and CBG were determined that the difference between the groups for this parameter was statistically very significant. Wariss et al. 29 reported that meat pH values were affected, to a greater extent, from applications employed prior to slaughter. The pH value of meat is the most significant parameter, which affects the shelf life of this food product. Based on the findings obtained in the present study, it is suggested that the particular growth system used for production also affects the colour parameters of poultry meat. Petracci et al. 36 reported for poultry meat that, dark meat colour and meat pH value were significantly correlated with each other, and also indicated that lower pH values were correlated with lighter meat colour. The assessment of the parameters obtained for chicken drumsticks and breast meat in the present study demonstrated that the L* values of Group FBG were higher and thus, it was observed that the meat of this group was of darker colour. This was attributed to Group FBG having higher pH values than those of Group CBG. The TBARS values determined in Groups FBG and CBG are presented in Table 8 . Analyses performed for the detection of thiobarbituric acid-reactive substances (TBARS) are frequently employed for the detection of the malondialdehyde content of meat, which is an indicator of bad taste in meat. Owing to the high level of polyunsaturated fatty acids it contains, poultry meat is very sensitive to oxidative damage. Aksu et al. 37 reported the TBARS value for male Ross 308 broiler chickens as 14.11 mmol malondialdehyde kg -1 . The TBARS value previously reported by Aksu et al. 37 is higher than the TBARS values determined in the present study for Groups FBG and CBG.
The present study, which was aimed at the comparison of floor-based and cage-based growth systems in broiler production for growth performance and parameters related to slaughter, carcass and carcass quality, demonstrated that, in terms of growth performance, broiler chickens raised using the floor-based growth system reached a mean body weight of 2530.16 g at the end of the trial by consuming a mean feed amount of 4339.56 g, while broiler chickens raised using the cage-based growth system reached a mean body weight of 2046.11 g by consuming a mean feed amount of 3585.61 g. The present study demonstrated SABUNCUOGLU, DAS that, in view of current feed and poultry meat prices alone, although the cage-based and floor-based growth systems did not statistically differ from each other in terms of feed conversion rates, the profitability of the floor-based growth system was 15.65% greater than that of the cage-based growth system. Furthermore, the breast meat percentages of the broilers raised on floor were greater than those of the broilers raised in cages. In the present study, it was determined that the pH values of meat obtained from broiler chickens raised on floor were higher. This is also considered as a major reason for the difference observed in the present study between the two groups for the colour of chicken leg and breast meat.
